PCO=Polycystic Ovary, *Blood samples were obtained at the outpatient door within 1month before ovarain wedge resection .
The values were expressed in pg/ml for Ed, ng/ml for P, A and PRL, and mIU/ml for LH and FSH. Hashiba, 1977 : Kusuda, 1979 . In this group, 3 patients had oligomenorrhea, another 1 secondary amenorrhea and the remaining 1 an anovulatory cycle.
In the 2 patients with secondary amenorrhea (#6, 7) the ovaries were slightly smaller than those observed in the other group. Ovarian histology revealed enriched stroma, a decreased number of follicular elements with several microfollicular cysts and thick, fibrous capsules. These features were found to be consistent with a type of screlo-cystico-atrophic ovary (SCA) according to Kusuda (1979) .
Hormonal changes following WR
Since hormonal levels following the operation varied from case to case, each set of individual results is illustrated in separate figures.
Case 1: Blood samples were obtained for 30days after the operation. Hormonal patterns for 3 preoperative days and for the first 48h after WR are illustrated in Fig. 1a . The preoperative concentration of LH was 23-33 mIU/ml. LH levels rose 3h after WR and remained at higher levels (50-66mIU/ml) for 12h with only one exception observed at 6h. Thereafter, plasma LH declined and flucturated around the control level up to 48th postoperative h. The preoperative concentration of FSH was 13-14mIU/ml.
There was an apparent increase in FSH (21mIU/ml) 9h after WR, and the elevated levels (16-24 mIU/ml) were sustained until the end of the 48h period of frequent samplings.
The preoperative level of androstenedione was 2.0-2.4ng/ml, but this level promptly dropped in the 3h period after WR. The lower levels of the steroid (0.5-1.3ng/ml) were maintained with some fluctuations thereafter. Estradiol exhibited no remarkable change for 48h following WR, remaining at a level of Endocrinol. Japon. February 1982 around 100pg/ml. The preoperative progesterone level was 0.5-0.7ng/ml. It increased slightly for 6h after the operation and then promptly decreased to around the preoperative level.
Daily hormonal patterns with a BBT curve are illustrated in Fig. 1b . A moderate increase in FSH was observed for 6days after the operation, followed by a gradual decrease. No discernible changes in LH were seen until the 16th day after the operation on which a preovulatory surge of LH and FSH occurred. An increase in progesterone was seen following the occurrence of characteristic mid-cycle hormonal patterns which are similar to those observed at the mid-cycle of a normal menstrual cycle. These hormonal changes and a biphasic pattern in BBT gave proof of postoperative ovulation.
Case 2: Blood samples were obtained for 33 days after the operation. Hormonal patterns for 3 preoperative days and for the first 48h after WR are illustrated in Fig. 2a . The preoperative concentration of LH was 22-33mIU/ml.
This level rose to 57mIU/ml at 9h, followed by a decrease at 15h and thereafter fluctuated around the control level (24-48mIU/ml).
Levels in FSH increased gradually from 30h after the operation.
The preoperative level of androstenedione was 3.1-3.7ng/ml, but this level promptly fell during the 6h after WR. The lower level of this steroid (1.2-2.1ng/ml) was maintained thereafter. Estradiol showed no remarkbale change for 48h after WR. The preoperative progesterone level was 0.7-0.9ng/ml.
However, it increased to 3.2ng/ml at 3h, followed by a rapid decrease.
Daily hormonal patterns with a BBT curve are illustrated in Fig. 2b . A moderate Fig. 1 a and Case 3: Blood samples were obtained for 21days after the operation. Hormonal patterns for 3 preoperative days and for the first 48h after WR are illustrated in Fig. 3a .
Preoperative concentrations of LH and FSH were 25-48mIU/ml and 7.4-9.0mIU/ml, respectively. FSH levels started to increase at 18h and remained at higher levels thereafter. The postoperative LH level fluctuated markedly with several spikes (49-65mIU/ml), while the base level remained around the level of the preoperative concentration. The preoperative level of androstenedione was 1.8-2.0ng/ml. This level gradually fell during the 24h after WR, followed by lower fluctuating levels (0.8-1.5ng/ml) up to 48h. Estradiol, also, decreased gradually form the preoperative level (80-118pg/ml) to the lower level (39pg/ml) by 15h. Progesterone levels increased approximately two fold by 6h,. followed by a prompt decrease at 9h and then remained at lower levels (0.4-0.6ng/ml) up to 48h after the operation.
Daily hormonal changes with a BBT curve are illustrated in Fig. 3b . FSH increased after tropin surge was observed 20days after WR following an antecedent increase in estradiol. Serial steroid and gonadotropin levels with a BBT curve before and after ovarian wedge resection in a patient, MS, who ovulated postoperatively. tive level of LH was 28-37mIU/ml. This level rose to 79mIU/ml by 6h after the operation and thereafter remained at higher levels with remarkable fluctuations (35-70mIU/ml) up to 48h. FSH levels rose gradually following WR, reaching 30mIU/ml at the end of the 48h period of frequent samplings.
The preoperative level of androstenedione was 2.1-2.3ng/ml.
A marked decrease in this steroid was observed at 12h and thereafter the low levels were maintained up to 48h with one exception at 18h. A postoperative decrease in estradiol was seen for the first 12 h after WR. Progesterone increased significantly by 3h, followed by a prompt decrease at 6h and then the lower levels were maintained up to 48h.
Daily hormonal changes with a BBT curve are illustrated in Fig. 4b . Significant increases in FSH were observed for several days after WR, declining to levels around the preoperative level thereafter. LH concentrations were high (64 and 72mIU/ml) for 2 days after WR and then fell to close to the control level. Estradiol levels fluctuated between 50 and 140pg/ml throughout 11 postoperative days.
However, no remarkable changes in progesterone levels were observed in the same period. Additional blood samplings were made on the 16th, 22nd and 27th postoperative days on which BBT showed a high phase. The concentrations of progesterone in these blood samples were 8.1, 13.2 and 4.9pg/ml. The daily hormonal changes and the biphasic pattern of BBT indicated that ovulation occured approximately 2weeks after the operation. crease in FSH at 3h. The higher levels of FSH (23-32mIU/ml) were maintained throughout the period of frequent samplings.
Androstenedione decreased gradually to approximately 50% of the preoperative level by 12h after the operation and then fluctuated around the level of 1ng/ml for 48h. No remarkable changes in estradiol were observed after WR. Progesterone levels rose to 2-3 times as high as the preoperative level at 3h and at 24-27h after WR. The daily hormonal changes with a BBT curve are illustrated in Fig. 5b . LH increased 2.7-fold on the 1st day after WR, followed by a sudden decrease on the 2nd day. Moderate increases in FSH were observed for the first 3days after WR. No gonadotropin surges were found by the 9th day after the operation. Progestereone in the samples obstained on the 22nd and 24th days were 12 and 9.0ng/ml, respectively. The occurrence of postoperative ovulation was suggested by a biphasic pattern of BBT and by significant increases in progesterone.
Case 6: Only minor hormonal changes were observed in this case (Fig. 6) . A significant increase in progesterone was seen at 3 h and it then declined to its preoperative level by 9h.
Androstenedione decreased significantly by 6h and thereafter fluctuated around the lower level. Since no remarkable hormonal change in the daily samples was observed up to 4weeks after WR, daily hormonal patterns are not illustrated. The BBT curve was an irregular pattern, as shown in Fig. 6 . The postoeprative hormonal changes and the BBT patterns in this subject indicated the absence of postoperative ovulation.
Case 7: There were only minor hormonal changes following the operation (Fig. 7) . No discernible changes in gonadotropin levels were not found except a slight increase in LH at 3h. Progesterone increased slightly at 3 and 6h, followed by a decrease to the preoperative level by 12h and then fluctuated within a small range.
Preoperative concentrations of androstenedione were 1.1-1.8 ng/ml. These levels decreased by 12h after WR, and then remained at lower levels. Since daily hormonal levels exhibited only minor changes, the daily patterns of the circulating hormones are not illustrated. The BBT curve showed a monophasic pattern after the operation (Fig. 7) . The postoperative hormonal changes and the pattern of BBT gave no indication of ovulation after WR.
Discussion
In the present study, 7 patients underwent WR for the induction of ovulation and for an ovarian biopsy. Since these patients did not ovulate on most occasions in response to clomiphene, surgical treatment was required. Five patients with a histology of typical PCO ovulated 2-3weeks after WR. The remaining 2 patients, with a type of SCA, failed to ovulate.
The postoperative hormonal changes were minimal in the patients who did not ovulate. On the other hand, some characteristic changes in circulating gonadotropins and steroids were observed following the operation in the subjects with postoperative ovulation. Although WR affected peripheral levels of LH, FSH, progesterone and androstenedione, the magnitude of the responses varied markedly from case to case.
For the gonadotropins, postoperative increases in FSH were observed in 5 patients who ovulated. FSH started to increase from 3 to 30h after WR, and remained at higher levels for 2-7days.
It is well known that in normal women there is an early "follicular phase" rise of circulating FSH which is probably necessary for the stimulation of follicular growth and subsequent ovulation (Ross et al., 1970) . It is reasonable to consider that an increase in FSH observed after WR might contribute to the recruitment of follicular maturation in patients with PCO.
The magnitude and duration of the postoperative FSH increase varied markedly among the patients.
The potency of FSH stimulation required for the development of a dominant follicle must depend on the degree of preoperative follicular maturation. Our results did not coincide with the findings reported by Judd et al. (1976) who found stable gonadotropin levels prior to ovulation following WR. Although this disagreement remains to be explained, it may represent the clinical differences in this syndrome which spread in a wide spectrum.
In the subjects with postoperative ovulation, LH increased in a sporadic form shortly after WR and then declined in spite of sustained higher levels of FSH. Our data support the results reported by Katz et al. (1978) who have observed significant postoperative changes in circulatory gonadotropin levels, resulting in a lowering of the LH: FSH ratio in 2 patients with PCO.
In a previous study, we reported that LH levels increased following the administration of progesterone in women pretreated with a prolonged infusion of estradiol (Araki et al., 1978a) . Chang and Jaffe (1978) reported that a minor increase in progesterone (appropriately 1ng/ml) elicited LH increases in women pretreated with estradiol. In the present study, we observed prompt increases in serum progesterone which might stimulate LH release following WR.
It has been known that there is increased ovarian androgen production in patients with PCO (Southren et al., 1969 : Bardin and Lipsett, 1967 : De Vane et al., 1975 : Kasuga, 1980 . Preoperative levels of androstenedione in our patients with typical PCO ranged between 2.0-3.4ng/ml, which exceeded serum levels (0.5-1.5ng/ml) observed in normal women. These preoperative high levels of androstenedione fell gradually following the operation. A similar postoperative decrease in androstenedione has been reported by others (Judd et al., 1976; Mahesh et al., 1968) .
For estradiol there was an apparent decline in estradiol following WR in 2 out of 5 patients who ovulated postoperatively. Since the steroid is derived predominantly from extraglandular aromatization of androgen (Siiteri and MacDonald, 1973) , a reduction in ovarian tissue by WR may not always bring on discernible changes in serum estrogen levels. In the subjects who appeared to ovulate within the period of daily samplings, a rise in estradiol was observed 16-19days after WR followed by an increase in progesterone. These patterns in gonadal steroids were comparable to those observed at the mid-cycle in normal women.
WR probably decreases the secretion of ovarian steroids by reducing the number of hormone producing sites.
Major surgical stress may influence the secretion of steroid hormones by means of postoperative changes in gonadotropin levels (Aono et al., 1976) . Surgical manipulation of the ovaries may enhance the release of the steroids by squeezing and disrupting the ovarian tissue.
For the androgens, a postoperative reduction in androstenedione may represent a decreased secretion of the steroid from the adrenal under surgical stress. However, a a decrease in androstenedione is more marked and more persistent after WR in patients with PCO in comparison with that observed following hysterectomy in patients with non-ovarian disease (Judd et al., 1976) . Significant decreases in urinary 17-ketosteroid are more commonly observed following WR rather than ovarian incision (Tanaka et al., 1978) . On the basis of these data, it is reasonable to consider that a reduction in androstenedione is attributable mainly to the specific effects of WR.
Some possible mechanisms of follicular development and subsequent ovulation after WR have been proposed. First, the operation may remove a mechanical barrier which accounts for the impairment of follicular development and ovulation (Stein and Leventhal, 1935 : Bailey, 1937 : Ingersoll and McDermott, Jr., 1950 . Secondly, the operation may cause local inflammatory changes (i.e. hyperemia, vasodilation) which result in increased exposure of the ovarian tissue to circulatory gonadotropins (Judd et al., 1976) . Thirdly, a drop in basal LH levels after WR may be preferable for the resumption of follicular development (Tanaka et al., 1980) . In addition to these explanations we would like to emphasize the possibility that the recruitment of follicular growth may be caused by the increase in FSH which is observed shortly after WR.
Although the present data demonstrated that WR in the patients with typical PCO induced circulatory hormonal changes which include a decline in androstenedione, a temproary minor increase in progesterone and a short-term sporadic elevation of LH and a sustained increase in FSH, further in-depth studies on larger numbers of patients will be necessary to elucidate a definite relationship between postoperative hormonal changes and the mechanism of ovulation following the operation.
